Phosphorus content and its species were studied for the surface of Nansihu Lake. The phosphorus contents in the surface sediment are 465.5-13068.3 mg/kg, with the maximum value in Laoyun River, which was due to the waste water pollution from Jining City. The enrichment factors of organic phosphorus (OP) and NaOH-P are 6.5 and 9.0, respectively. The contents of phosphorus in other surface sediments are relatively lower. The enrichment factors of NaOH-P and OP are 1.0-3.7 and 1.3-6.0, indicating a minor human pollution.
Introduction
Phosphorus in the sediments could lead to secondary pollution when they transferred into superincumbent water again [1] . For shallow lakes, endogenesis release of phosphorus had larger potential ecologic crisis [2] . Hence, it was necessary to evaluate the character of phosphorus in sediments. Nansihu Lake located in the southwest of Shandong Province, which was the typical shallow lake in the North China Plain. It consisted of four sublakes: Nanyang, Dushan, Zhaoyang and Weishan Lake from north to south. In recent 20 years, the concentration of phosphorus in Nansihu Lake water was growing constantly resulted that the sediments were polluted by phosphorus [3] , This paper analyzed phosphorus content and its species in the sediments, and evaluated human pollution of Nansihu Lake.
Material and Method
Twenty-two surface sediment samples were recovered from Nansihu Lake and its main inflow rivers in September, 2005, using gravity core sampler. According to the maneuverability and precision of sampling, the top 1-cm sediment was sectioned as the surface sample. Sediment samples were measured pH and Eh in-situ.
The modality of phosphorus has divided into five species by SMT sequential extraction method, namely: NaOH-P, HCl-P, IP, OP and phosphorus extracted from dense hydrochloric acid (corresponding to TP). This paper extracted and analyzed the content of NaOH-P, HCl-P, OP and TP.
Results and Discussion
The sediments of Laoyun River (the No.6 sample) had the highest TP content, which was 13068.3mg/kg. The second one was the sediments of lake inlet of Guangfu River (the No.13 sample), the content of TP was 2085.5mg/kg. And TP content of the other surface sediments of Nansihu Lake and its inflow rivers was 465.5-10874.5mg/kg (Fig.1) .
Fig.1 Composition of Phosphorus species of the surface sediments
We usually adopted the content of objective element in sediment which was not polluted by people in the same basin area or sediment in historical period (before industrial revolution) as the background value [4] . Using the evaluation method of heavy metal pollution for reference [5] , we could work out the enrichment factors of NaOH-P and OP in surface sediment of Nansihu Lake. The calculate formula was:
Where: K PEF was the enrichment factor of NaOH-P or OP; M sec(a) , M sec(b) were the contents of NaOH-P or OP in sediment samples and reference samples, respectively. M HCl-P(a) , M HCl-P(b) were the contents of HCl-P in sediment samples and reference samples, respectively.
In the water units of adopting surface sediments in this study, the concentration of phosphorus in Si River water was the lowest, which was lower than nation criterion. Hence, we could adopt the surface sediment of Si River as the reference sample (background value), and then got the enrichment factors of NaOH-P and OP in every water unit surface sediment (Fig.2) .
With the exception of Si River, the NaOH-P in other water unit sediments had represented enrichment to a certain degree. It showed that the phosphorus in sediments had polluted by people to a certain degree, in which the enrichment factor of NaOH-P in Laoyun River sediments was the largest, it was 9.0, and this was in conformity to the surveillance results of phosphorus concentration in water. The enrichment orderliness of OP in surface sediments was resemble to the NaOH-P's. But the sediment factor of OP was obvious higher in the samples which had higher organic materials such as the No.6, 13, 17, 19, 21, 22 samples (Fig.2) . It showed that OP content in sediments was not only under the influence of human pollution, but also under the control of organic materials content.
Laoyun River mainly accepted the domestic sewage and industrial waste water of Jining City. So the concentration of phosphorus in water exceeded other lake inlet rivers out and away. The concentration of phosphorus in water in 2000 was 80 times than that in 1980. The contents of NaOH-P, HCl-P and OP in Laoyun River sediment were obvious higher. The proportion of HCl-P in TP was lower than other surface sediments, but its absolute content was high. It illuminated that the heavier human pollution not only made the contents of NaOH-P and OP increased, but also made HCl-P content increased, which came from dissolved phosphorus adsorbed to lime carbonate or formed apatite [1] . Fig.2 Enrichment factors of phosphorus in surface sediments
Conclusion
The content of HCl-P in surface sediment of Nansihu Lake was stable, which mainly reflected the character of natural source of basins. OP content was under the common influence of human pollution. The increasing of NaOH-P content was mainly in relation to human pollution. The content of phosphorus and the enrichment factors of OP and NaOH-P in sediments of Laoyun River and Guangfu River were higher, and they were obviously polluted by people. The human pollution degree of phosphorus in other surface sediments was relatively infirmness, and HCl-P gave priority to it, OP and NaOH-P were in the next place.
